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The invention relates to a method to inhibit cell proliferation in diseases 
characterised by hyperproliferation, typically out not exclusively, psoriasis, 
5 comprising introducing inhibitory RNA (RNAi) into a cell to ablate mENA's which, 
encode polypeptides involved in essential cell processes; vectors encoding said 
RNAi; and compositions comprising said vectors ox RNAi- 

A Dumber of techniques have been developed in recent years which purport to 
10 specifically ablate genes and/or gene products. For example, the use of antisense 
nucleic acid molecules to bind to and thereby block or inactivate target mRNA 
molecules is an effective means to inhibit the production of gene products. This is 
typically veI y effective in plants where anti-sense technology produces a number of 
shilring phenotypic characteristics. However, recombinant antisense technology is 
15 variable leading to the need to screen many, sometimes hundreds of, transgenic 
organisms carrying one or more copies of an. antisense transgeae to ensure mat me 
phenotype is indeed truly linked to the antisense transgene expression. Antisense 
techniques, not necessarily involving me production of stable teansfectante, have 
been applied to cells in culture, with variable results. 

20 

In addition, the ability to be able to disrupt genes via homologous recombination has 
provided biologists with a crucial tool in defining developmental pathways in higher 
organisms. The use of mouse gene "knock out" strains has allowed the dissection of 
gene function and the probable function of human homologues to the deleted mouse 
25 genes, (Jordan and Zant, 1998). 

A much more recent technique to specifically ablate gene function is through me 
introduction of double stranded RNA, also referred to as inhibitory UNA (RNAi), 
into a cell which results in the destruction of mRNA complementary to a sequence 
30 included in the RNAi molecule. The RNAi molecule comprises two complementary 
strands of RNA (a sense strand and an aatisense strand) mmealed to each other to 



form a double stranded RNA molecule. The RNAi molecule is typically derived 
from an exonic sequence of the gene -which is to be ablated. 



Recent studies suggest that RNAi molecules tanging from 19-L000bp derived from 
5 coding sequence are effective nihibitoxs of gene expression. Surprisingly, only a few 
molecules of RNAi are required to block gene expression whioh implies the 
mechamem is catalytic. 

The exact mechanism of RNAi action is unknown although there axe theories to 
10 explain this phenomenon. Fox example, all organisms have evolved protective 
mechanisms to limit the effects of exogenous gene expression. For example, a virus 
often causes deleterious effects on the organism it infects. Viral gene expression 
and/or replication therefore needs to be repressed, hi addition, the rapid development 
of genetic transformation and the provision of transgenic plants and animals has led 
15 to the realisation that transgenes axe also recognised as foreign nucleic acid and 
subjected to phenomena variously called quelling (Singer and Selier, 1995), gene 
silencing (Matzke and Matzke, 1998) , and co-suppression (Statu et. at, 2000). 

Initial studies using RNAi used the nematode Caenorhabditis elegans. RNAi 
20 injected into the worm resulted in me disappearance of polypeptides corresponding to 
me gene sequences comprising the RNAi molecule (Montgomery et aL, 1998; Fire 
et aL, 1998). More recently the phenomenon of RNAi inhibition has been shown in 
a number of eukaryotes including, by example and not by way of limitation, plants, 
trypanosonaes (Shi et al., 2000) DrosophOa spp. (KennerdeU and Carthew, 2000). 
25 Recent experiments have shown that RNAi may also function in higher eukaryotes. 
For example, it has been shown that RNAi can ablate c-mos in a mouse ooctye and 
also E^adherin in a mouse premmlanation embryo (Wianny and Zemicka-Goete, 
2000). 
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A number of diseases ate characterised by uncontrolled cell division, or 
lryperproliferation, which results in disease. Examples include, psoriasis, cancer and 
vjxal diseases which result in cell transformation. 

Psoriasis is a generic term to cover a range of diseases characterised by abnormal 
proliferation of skm cells, The disease covers the following list which is not 
exhaustive but merely illustrative: nail psoriasis; scalp psoriasis; plaque psoriasis; 
pustular psoriasis! guttata psoriasis; inverse psoriasis; erythroderario psoriasis; 
psoriatic arthritis. 



10 



Psoriasis is one of me most frequent akin diseases, affecting 1-3% of me Caucasian 
population world wide. The disease is characterised by alterations in a variety of 
different cell types. These include epidermal keratinooytes which ate characterised 
by hyperprohferation and an altered differentiation which is indicated by fecal 
15 parakeratosis and aberrant expression of keratinooyte genes encoding 
hyperproliferation-associated keratin pair 6/16. mvolucrin, fillagrin, and integrin 
adhesion molecules (e.g. VLA-3, 5, 6). 

Current methods to control psoriatic conditions include the use of topical 
20 applications of coal tar which reduce itching and scaling of skin. However, coal tar 
sensitises skin to ultraviolet thereby Tendering individuals susceptible to sunburn 
Treatment with coal tar can also result in photosensitivity. An alternative to the use 
of coal tar is topical steroids. Although effective, steroid treatment can result in 
tmuning of skin. Also if steroids are used long term the body can become resistant 
25 thereby rendering the treatment ineffective. Other pharmaceutical treatments include 
fee topical application of anthrahn, vitamin D3 and retinoid treatment. Oral 
medications are also available to those wife severe forms of the disease which do not 
respond well to topical treatments. These include methotrexate, cyclosporins, 
Tegison. Bach of these medications have serious side effects which include liver and 
30 lung damage (methotrexate), immiraosuppression (cyclosporins) and rashes, hair loss 
and hepatitis (Tegison). Also many of these drugs are incompatible wife pregnancy 



3 




arid therefore should be avoided by women of cmldbearing age. Clearly there is a 
need for alterative tteatments which do not have the above identified disadvantages. 

When normal keratinooytes are cultured, they assume a hyperproliferative state that is 
5 similar to psoriasis in vivo and has been labelled the pseudo-psoriatie pheaotype. 
This provides an excellent model of testing various therapeutic treatments in vitro 
before animal model experiments are undertaken. Moreover, there exists an animal 
model for psoriasis which allows the testing of various therapies with respect to the 
treatment of this condition, see US 5, 945, 576 which is incorporated by reference. 

10 

The majority of cells (>95%) which comprise skin are keratinooytes at various stages 
of dififerentiation. Ketatinocytes of the basal layer are constantly dividing and 
daughter cells subsequently move outwards* daring whioh they undergo a period of 
differentiation and arrest cell division. It is the uncontrolled division of these 
15 keratinocytes which result in the formation of psoriatic plaques. 

Teratomas are a form of germ cell tumour, containing teratocarcinoma cells (EC 
cells). These cells have many features in common with ES/EG cells. The most 
important of these features is the characteristic of pluripotentiality. 

20 

Teratomas contain a wide range of differentiated tissues, and have been known in 
humans for many hundreds of years. They typically occur as gonadal tumours of 
bom men and women, The gonadal forms of these tumours are generally believed to 
originate from germ cells, and the extra gonadal forms, which typically have the 

25 same range of tissues, are thought to arise from germ oells that have migrated 
incorrectly during embryogeaesis, Teratomas are therefore generally classed as genu 
cell tumours which encompasses a number of different types of cancer. These include 
seminoma, embryonal carcinoma, yolk sac carcinoma and choriocarcinoma. This in 
htm Will reduce or eliminate the ability of these tumour to grow and hence 

30 metastisize. 
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A critical gwe controlling pluripotenicy in Human Embryonal carcinoma and 
Embryonic Stem cells is Oct-4 (Nichols et A, 1998). Changes to expression of 
Oct4 result to foe differentiation of phmpotent calls (NiwaeL a!., 2000) 
The elimination of Oct4 protein expression results to the redaction to growth and 
difierentiationof noffipotent and pluripotent human embryonal carcinoma (EC) cells, 
the malignant counterparts of ES cells derived from testicular germ cell tumours, as 
well as human ES cells themselves. This should allow the malignant cells to be 
targeted, causing both growth reduction and the duTerentiation of the malignant cells 
that make up genu cell tumours. 

The elimination of Oct4 protein expression in germ cell tumours could he achieved 
by dsBN A against Oct4. 

to differentiating cultures of embryonic stem cells there is toe chance for ES cells to 
15 remain undiffoehtiated as contantinating cells. These cells may present problems at 
a later stage if the cells are to used for transplantation, due to there pluripoteoey and 
tocreased growth rate relative to the differentiated derivatives which could result to 
teratoma formation to recipients. Targeting Oct4 mKNA using ENAi in these 
cultures would result to toe elimination of contammattog cells thus improving toe ' 
20 safety of ES cells as a medical treatment- 

Fortoermore toe use of dsKNA against Oct4 to render germ cells in animals 
incapable of producing gametes which will make an animal sterile. 

25 The MHC class 1 molecules are produced from toe HLA-A, -B, -C loci and interact 
with beta-2-ntioroglobulio- Variants such as HLA-E are expressed on MHC Class 
expressing cells after interaction with toe MHC class 1 protetoce (Lee et. al.„ 1998). 
Cytotoxic T cells can recognise MHC-1 presenting cells and induce cytoanoity. It 
would be desirable to be able to modulate toe iimnune response of stem cells, 
30 particularly embryonic stem cells, so that toey are tolerated by toe host. Ibis would 
involve delivering dsRNA in vivo to cells to protect against an immune response. 
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Furthermore, cells treated with dsRNA in vziro against beta-2- microglobulin or type 
one HLA complex genes would be less immunogenic this may enable 
immunotolexable cells to be generated prior to transplantation. Transient 
introduction of dsRNA to generate an RNAi effect may give the transplanted cells a 
5 selective advantage in the patient and could be used in combination of 
immunosupression through drugs or the generation of a chimeric immune system. 
The use of recombinant DNA constructs that enable the manufacture of dsRNA 
(including hairpin UNA) would enable the production of permanently MHC-1 
suppressed cells thus facilitating long term engraftment of cells and tissue. Specific 
10 lengths of dsRNA which maybe mentioned, include, inter alia* 19, 20 and 21 bps. 

According to a first aspect of the invention there is provided a method to inhibit cell 
division comprising introducing at least one inhibitory RNA molecule (KNAi) into a 
hypeiproliferative cell wherein said KNAi molecule inhibits the expression of at least 
15 one gene which mediates at least one essential process in said cell 

lh a preferred method of the invention said fcNAi molecule mhibits at least one step 
in the cell-division-cycle of said celL 

20 The term ^vperproliferative" refers to a diseased cell which shows an uncontrolled 
cell-division-cycle resulting in a disease condition, for example psoriasis or cancer. 
It wiH be apparent to one skilled in the art that the introduction of KNAi molecules 
into a ceil maybe by addition of a RNAi molecule to a cell in a composition or by the 
provision of gene therapy vectors adapted to expre&B bom sense and antisense nucleic 

25 adds thereby producing a KNAi molecule in situ. 

hi a yet former preferred mefcod of the invention said hyperproliferative cell is a 
keratinooyte, preferably a psoriatic ketttmocyte. 

H> In a yet further preferred method of me invention said hyperproliferative cell is an 
embryonal carcinoma cell (EC cell). 

6 
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Jxxzyet fiirther preferred method of the invention Said hypetproliferative cell is an 
embryonal stem cell (ES cell). 

5 In a ftethea: preferred method of <h© invention of the invention said sequence 
comprises at least one of the sequences, or part thereof* selected from the group 
consisting o£ hypO^oUfisration-associated keratin pair 6/16, involucrin, fiUagrin, 
integtia adhesion molecule (e.g. VIA-3, 5, 6), Oct4 or variants thereof. 

10 According to a finther aspect of the invention there is provided a method to inhibit an 
immune response comprising introducing at least one inhibitory UNA molecule 
(SNAi) into a cells wherein said RNAi molecule inhibits the expression of at least 
one gene which, mediates at least one immunogenic response to said cell. 

15 la a yet ffcrtfcex preferred method of the invention said cell is a stem cell, preferably 
said stem cell is embryonic. 

In a more preferred embodiment said HLA gene is betar-2-imcToglobnlin, a low 
molecular weight component of HLA antigens. 

20 

In. a still ftrther preferred method of the invention said gene is a type 1 HLA complex 
gene, selected from the group consisting ofHLA-A^ B, Q E> F, G. 

According to a further aspect of the invention there is provided an KNAi molecule 
25 characterised in -that it comprises the coding sequence of at least one gene which 
mediates at least one essential process in at lfeast one hypetproliferative cell. 

In a preferred embodiment of the invention the essential process is at least one step in 
ike oell-division-cyole, 

30 

In a preferred embodiment said coding sequence is an exon. 

7 
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Alternatively said KNAi molecule is 
3 1 non-coding sequences which flank oc 



derived 
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ftom intronic sequences or the 5 1 and/or 
ding/exon sequences of genes which mediate 



In a further preferred embodiment of ft e invention the length of the KNAi molecule 
between lObp-lOOObp. More prefeiably still when the length of RNAi is in the 
range of 100-lOOObp the length is selected from lOObp; 200hp; 300hp; 400bp; 
50Qbp; 6f)0bp; 700bp; SOObp; 900bp; cr lOOObp. More preferably still said KNAi is 
at least lOOObp. Mom preferably still When the length of RNAi is in the range of 10- 
lOOObp the length is preferably from lOkLOObp and may be selected from lOhp; 20bp; 
30bpj 40bp; 50bp; 60bp; 70bp; 80bp; 90bpj or lOObp, 



In a further preferred embodiment of tfafe 
1 5 least one of the nucleic acid sequences, 



invention said RNAi molecule comprises at 
oof pat thereof, presented in Figure 5. 



In yet a fUrihsr preferred embodiment of the invention said RNAi molecules 
comprise modified ribonucleotide bases , 

It will be apparent to one skilled in the art that the inclusion of modified bases, as 
well as the naturally occurring bases c; Cosine, uracil, adenosine end guanoeine, may 
confer advantageous properties on RNAi molecules containing said modified bases. 
For example, modified bases may incre 3se the stability of the RNAi molecule thereby 
reducing the amount required to prodw e a desired effect 

According to a further aspect of the h vention there is provided an KNAi molecule 



characterised in that it comprises the 



mediates at least one immunogenic response 3n at least one immune responsive cell. 
30 In a preferred embodiment said coding sequence is an exon. 



coding sequence of at least one gene whiclji 
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derived 



Mtertatively said KNAi molecule is 
3' non-coding sequences which flank o^ding/exon sequences 



5 Ma firriher preferred embodiment of 



from, intronic sequences or the 5' and/or 
of genes which mediate 
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' , L invention the length of the RNAi molecule 
is between 10bp~1000bp. More prefilably still when the length of RNAi is in the 
^ of 100-lOOObp me length is kected from lOObp; 200bp; SOObp; 400bp; 
SOObp; 600bp; 700bp; 8O0bp; 900bp; Lr lOOObp. Mote preferably still said RNAi is 
tfle^lOOObp-Morepre^ 

lOOObp the lengthis preferably from iB-lOObp and may be selected fiom lObp; 20bp; 
30bp; 40bp; 50bp; 60bp; 70bp; 80bp; S 1 >bp; « 100 °P. 

marker preWemhc^nment of |e 



least one of the nucleic acid sequences 



15 



or part thereof presented in Figure 1 . 



* yet a **** preferred embodimej 1 of me invention said KNAi of 
Figure 1 comprise modified ribonuclec i ide bases. 

It will be apparent to one skilled in f e art mat the inclusion of modified bases, as 
20 well as the naturally occurring bases <Utne. uracil, adenosine and guanine, may 
confer advantageous properties onRlIAi molecules <*ntainmg said modified bases. 
For example, modified bases may incrlUe me stability of the RNAi molecule thereby 



redntrngtbe amount required to produ :e adeaired effect 



25 A preferred method of the invention 



is to introduce to the cell a vector containing 
DNA which can encode a hairpin This is advantageous because, vnter alia, 

When transcribed it allows the derhkon of a cell stably expressing dsRNA or 
carrymg an inducible expression cass k Analogous methods are disclosed in our 
pending International Patent appl4tion WO 03/012082, which is incorporated 



30 



15 



20 



25 



NO. 090 P. 15 



is known that short hairpin type oil dsRNAs that are controlled by £RNA (Val) 
promoter significantly induce RNAi- Diediated gene silencing in the cytoplasm of 
human cells. Thus 3 the loop part of hairpin dsRNA* depending on its sequence, can 
target the dsRNA to different parts of' ; le cells. One example of such targeting is the 
targeting of the dsRNA to the cypfiol. More specifically, the sequence 5*- 
CUUCCUGUeA-3' appears to target he hairpin RNA correctly to the cytosol and 
appears to increase flic efficiency of 1h s RNAi effect. 



According to a. fiirther aspect of th 
10 sequence comprising at least part of 

process in a hyperproliferative cell wl iferein 
least one further nucleic add sequence 
nucleic add linked thereto. 



According to a further aspect of the 
sequence comprising at least part of a 
response in a immune responsive cell 



invention there is provided a nucleic acid 
gene which mediates at least one essential 
said nucleic acid is operably linked to at 
capable of promoting transcription of said 



invention there is provided a nucleic acid 
l iene which mediates at least one ixmnunogenic 
I ' therein said nucleic acid is operably linked to 
at least one further nucleic acid sequmce capable of promoting transcription of said 
nucleic acid linked thereto. 



It will be apparent to one skilled in Ow > art that the synttesris of RNA molecules which 
form RNAi can be achieved by providing vectora which include target genes, or 
i&agmsnts of target genes, operably linked to promoter sequences. Typically, 
promoter sequences are phage RNA polymerase promoters (e.g. T7, T3, $P6) if 
RNAi molecules are produced in vit -? t Advantageously vectors are provided with 
multiple cloning sites into which genes or gene fragments can be subcloned. 
Typically, vectors are engineered so that phage promoters flank multiple cloning sites 
containing the gene of interest, Phag* promoters are oriented such that One promoter 
synthesises sense RNA and another p r raioter, antisense RNA. Thus, tixe synthesis of 
30 RNAi is facilitated. 
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Target genes, or fragments of target 
create chimeric pxotoOter/nucleic 
Constructs thus created can be eai 
provide templates fin: the manufacture 



acau 



According to a further aspect of the 
nucleic acid sequence comprising at 
essential process in a bypeipro! 
linked to at least ojie further nucleic 
of said nucleic acid linked thereto. 



According to a further aspect of the 
nucleic acid sequence comprising at 
amrminogeiric response in a immune 



operably linked to at least one fuxthtr 
transcription of said nucleic add links ( L thereto 
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genes, can be Sued directly to promoters to 
fusions via oJigosyn&esistog technology, 
amplified by polymerase chain reaction to 
ifKNA molecules. 



hi mention fliere is provided a vector including & 
1<> Ht part of a gene which mediates at least one 
H&ratnre cell wherein said nucleic acid is operably 
ac i d sequence capable of promoting transcription 



invention there is provided a vector including a 
tart Of a gene which mediates at least one 
responsive cell wherein said mieleic acid is 
nucleic acid sequence capable of promoting 



If it is desired to form RNAi molecul e s in situ, expression, vectors can be adapted to 
provide expression cassettes comprising nucleic acid molecules under the control of 

the formation of sense and antiaense UNA 
molecules. This may be facilitated positioning promoter sequences upstream and 
dotra&tream of said nucleic acid xaolecule such that both sense and antisense 
molecules are transcribed from flu* vector. Alternatively, separate expression 
cassettes can be adapted to produce s< a ise and antisense RNAs. 

Preferably said further nucleic add sequence comprises a promoter sequence 
fiinctional in a specific cell-type. Pre i erably the promoter sequence is fractional in a 
ksratinocyte, ideally a psoriatic cell a : 
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30 



Preferably said further jnicleio acid 
functional in a specific cell-type, 
an. imrmme responsive cell, ideally a 



Pttd rably 



5 In a preferred method of the invention 
following: keratin promoters Kl ; K5; 



laid promoter sequences are selected from the 
M6i K10; K14; filaggrin; loricrin; involucuxin. 



Ideally said promoter sequence is kfcra i n 
a high level of expression la epidtttpjal 
5,958,764. 



It will be apparent to one skilled in 



Mol Cell Biol. 8, p486-493 a (1988) ; 
82, PI 609-1613, (1985) and Knapp 
Steinert et aL, LBioLChem, 260, p71$2 
260, p5S67-5870, (1985); K6 t I^ner 
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sequence comprises a promoter sequence 
the promoter sequence is functional in 
l, more ideally an embryonic stem eelL 



Kfi. H is known that the K6 promoter shows 
cells undergoing hyperproliferatiott* see US 



the aft that genes which show the requisite 
For example, and not by way of limitation, 
in Woodcock and Mitchell, J. Cell BioL 95, 



expression pattern are readily availab! 
keratin K6, K5 wd K14 are desctibet 
p580-88 (1982); Kl and K10 are described in Hoop et al Proc NatL AcatLSci USA, 
80,p716-720, (1983) and Sctow«zerct al, Cell 37,pl59* 170, (1984). Many of these 
genes have been cloned a&d their seqi ences published, for example, K5 , Lersch et al 



.14, Marchuk et al ProcNatLAcad.ScLUSA, 
al J.Biol Cherau 262, 938-945, (1987); Kl, 
7149, (19S5); K10, Kreag et al J.Biol,Chem. 
i st al ProcNaQ Acad.Sci.USA, 82, 4683-4687, 



(1985); loricrin, Yoneda et al. J.BioLC bem. 267(25), 18060-18066. 

Moreover, promoter sequences defining foe 5" regions responsible for transcription 
activation are known, for example s*k Tomic et al Cell Reg- 1, p965-973 (K5, K6, 
£10, K14); Greenhalgh et al, MoL C Arcinogenesis, 7, p99-ll0, (1993). Methods for 
tzaftsfectiag epidermal cells with vectors including epidermal specific promoters are 
also known as are xnethods relating 6 ? <he heterologous expression of polypeptides in 
epidermal cells, see Morgan et al* Science, 237, pl476-1479, (1987); Teumer et al 
FASEBj 4, p3245-3250, (1990); Sellt.eyer etalProc.NatlAcad.Sci USA, 90, p5237- 
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5241, (1993). Cell culture 
•085,968,546, 

According to a further aspect of 
5 manufacture KNAi molecules i 



for Iceratinooytes are also fcoown, see 
invejJtum there is provided a method to 



providing a vector or ohimeric JAcmotcs/gene fosion; 



(ii) providing reagents and 
10 strand comprising said RNAi mol< 



which allow the synthesis of each KMA 



and 



(fix) providing condition which a1]L each RNA strand to associate over at least 
part Of foeir length, or at least mat pijt corresponding to the nucleic add sequence 
encoding a gene which mediates at Jjf one essential process in a hyperproliferative 
15 eeu. 

According to a former aspect of 4 M ™ &erc to ***** * M *° d * 
manufacture RNAi molecules ac 



20 (i) providing a vector or chimeric bromoter/gene fusion; 



<n) providing reagents and condil 
strand 



■which allcw 



25 (iv) providing condilions 

part of foeh* length, or at least mat 
encoding a gene winch mediates at 
responsive cell. 



,ns which allow the syafhesis of each RNA 
and 



each KNA strand to associate over at least 
corresponding to foe nucleic acid sequence 
Jast one immunogenic response in an immune 



part 



30 *v«ro transcription*^ 

Kva n^ ja which provide vectors, : jbonucleoeide triphosphates, huffer*. RNase 
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inhibitors, SKA polymerases (e.g. phag 
ofRNA. 



According to a further aspect of the iav< 
5 inhibit an essential process in a hyper proliferative 
an animal an effective amount of 
inhibit cell proliferation. 



It will be apparent to on© skilled in the 
10 target gene KNA and the ENAi mo! 
specificity to the ENAi molecule in 
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T7, T3, SP6) which feoilitate the production 



sntion there is provided an in viva method to 
cell comprising administering to 
i according to the invention sufficient to 



RIsAi 



;rt that KNAi relies on homology between the 
ecule. This confers a significant degree of 
tar jetitag hypeiprolifexative cells. 



According to a further aspect of the inception 
inhibit an immunogenic response :n 
15 administering to an animal an effective 
sufficient to inhibit an immune re&poni f. 



there i$ provided an in vivo method to 
an imOTine responsive cell comprising 
amount of RNAi according to fixe invention 



According to a further aspect of the indention 
inhibit an inuftunogenio response in aji. 
20 said immune responsive cell with axa 
invention sufficient to inhibit an i 



untitooe response. 



JKNAi molecules may be encapsulate 
animals immune system 



and/or fcuctea i ss present 



Liposomes ate lipid based vesicles 
which is them introduced into a 
either from pure phospholipid ox a 
Typically liposomes can be 
enables (hem to be intravenously 
capillary bed. Ftrfhenmote the 



mixture 



manufactured 



there is provided an in vitro method to 
immune responsive cell comprising treating 
effective amowt of RNAi according to the 



in liposomes to provide protection from an 
in an animals sentoflu 



vftiich encapsulate a selected therapeutic agent 
pati^it Typically^ the liposome is manufactured 
of phospholipid and phosphoglyceride. 
with diameters of less than 2Q0nm, this 
injtbted and able to pass through the pulmonary 
bioch$piical nature of liposomes confers permeability 
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across blood vessel membranes to gain 
a relatively short half-life- So called 
-which comprise liposo&xes coated in 
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recess to selected tissues. Liposomes do have 
TEALTH* liposomes have been developed 
jolyettylewe glycol (PEG). The PEG treated 
liposomes have a significantly increase ! hal£-life when administered intravenously to 
a patient In addition STEALTH H liposomes show reduced uptake in the 

sd accumulation selected tissues, in addition, 
SO called iinmuno-liposomes have beea develop which combine lipid based vesicles 
with an antibody or antibodies, to inc« i ise the specificity of the delivery of the RNAi 
molecule to a- selected cell/tissue. 



The use of liposomes as delivery mean s 
which ace incorporated by reference. 



It will be apparent to one skilled 
in the form of an oral or nasal spray, 
drop fluid. Alternatively the RNAi 
Alternative delivery means include i 



According to a yet further aspect of 
composition, comprising at least one 
Ptdscably said RNAi molecule is 
diseases. More preferably still the 



According to a yet further aspect of 
composition comprising at least one 
25 Prefeaftbly said RNAi molecule is for 
benefit from immunosuppression, 
rejection.. 



In further preferred embodiment 
30 ftrthear comprises a diluent, earner or 



of the invention said therapeutic composition 
sxcipient. 



is described in US 5580575 and US 5542935 



in thwart that the KNAi molecules can be provided 
an aerosol, suspension, emulsion, and/or eye 
molecules may be provided in tablet form, 
ler&ornebulisers. 



toe invention there is provided a therapeutic 
RNAi molecule according to the invention. 
&r use in the treatment of hypeaproHferative 
hyp ( ^proliferative disease is psoriasis 



ttte invention these is provided & therapeutic 
RNAi molecule according to the invention, 
in the treatment of conditions which w^uld 
preferably still the condition is transplant 



rise 
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and methods. 



Embodiments of the invention will r[(j)W be described by estample only and with 
reference to the following materials ; 

5 MATERIALS AND METHODS 



Cell Cnltare Conditions 



Normal human keratinocytes (NHK) 
and were then maintained in Ksratinockfte 



15 20% Serum Replacement (&witrog©i]] 
layers of mouse embryomc fibroblasts; 
Far stable transfection, the cells were 
day later with pCAG-GFP usin^ 
manufacturer's protocoL Puromysin 

20 
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pjrere isolated from skin after a ptt&sb biopsy 
-SFM. 



human EC cells wore cultured in DMEM 



NTERA2 cLDl and 2102Ep cL2A6 
containing 10% h^at-inactivated FCS 3 as previously described. The human ES eell 
line, H7 (ref 1) was cultured in 'Knool c-CHrt'-DMEM (Thvitrogen) supplemented with 

and 4 ng/ml bFGF (Invitrogen)^ on feeder 
mitotically inactivated with Mitomycin C U6 , 
Reeded at 3 x 10 4 per cm 2 and transfected one 
Exgen 500 (Feamentas) following the 
[ft jx^ml) was added to the cultures, 24 hours 
after transfection, and puromyomrresistant green-fluOresc&rt colonies were selected 
and expanded for further experiments. 



RNAi Production and Treatment of kdls in vitro 



DNA fragments corresponding to 
(Mullis and FalOona, 19S7) to gen 
Both primers used in a particular 
binding site 

sequences. PGR reactions were 
the correct size for the amplification 



er&te 



u action 



(TAATACGACTCAC1 ATAGGGAGA) 
eiectrcphdresed 



;c gene sequences were amplified by PCR 
specific templates for RNAi production, 
contained a 5 f T7 KNfA polymerase 
appended to gene specific 
in 1% agarose and the single band at 
was excised and purified. 5\il of a 100^1 PCR 
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reaction was used as a template for 
(Atobion, USA). The products ftom 
and re-suspepded in water. The RNAJ: 
reactions to 65°€ for 30 minutes 
To test for production of Ml length 
denaturing agarose gel and stained 
bylxwailluminationivith. 302nmUVl^t 



The following method describes KNWji 
10 and cell numbers should be scaled 



NO. 090 P. 22 



a MfiGASCRlPT T7 transcription reaction 
jjae MEQASC31IPT reaction were precipitated 
was created by heating the MEGASCR3PT 
and c^ltog to room temperature to allow annealing, 
dsBNA 6jxg was electmphoresed on a 1% 
ethidhon bromide. The KNA was observed 



appropriately for larger < 



Cells were seeded at 500,000 per wei 
their normal medium. For each well to 
of interest was diluted in 300|4 of 
Feraaentas) was added to the diluted 
dsRNA/ExGen 500 mixture was in 
of fresh cell growth medium was 
Growth medium was aspirated from 
KNAi treated medium per welL 
5 minutes and returned to the 
was replaced with normal growth med i 



on the day prior to treatment and grown in 
*e treated, 9.5p,g of fiie double stranded KNA 
150mM Nad 21jii of ExGen 500 (MBI 
:^NA solution and mixed by vortsxing. The 
at room temperature for 10 minutes. 3ml 
tfcen Mided, producing the KNAi treatment medium, 
he culture vessel and replaced with 3ml of 
vessels were them centciJftiged at 280g for 
. After 12-lSltirs, RNAi treattnetfl: medium 
fan and the cells maintained as required. 



ictoVited 



Cu me 



incubator. 



siRNA Production and Treatment < 



siFNAs corresponding to eOFP 9 /f2Af 
25 sense and antisense sequences and w^te 
USA). 



sGFP: 5 ' -CGima&CQGCCftOA(3UI 'CdTdT- 3 ' <sense) and, 
5 ' -GAACUUGUGeCC^UOTlAC! 3dTdT-3 r (antisense); 



of cells cultured in 6 well plates. Volumes 
or smaller culture vessels. 



EC and IBS cells 



and OctA were designed with the following 
synthesized by Xeragon Inc. (Huatsville, 
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p2M: 5' -(^UUcaGGUUURCUCfl.CGij<flT<3T-3 ' (sense) and, 

5' -ACGUGAGUAAACCU©AAUCclTdT-3' (antisense); 

Oct*: 5 ' -AGGAGOJUGGGCIJCGAGfta ( ITdT- 3 * (sense) and, 

5 ' -UUCUCGAGCCCaAGCUGCT; < ITdT- 3 ' (antisense). 

Cells were trypsimsed and [plated in 6 well plates at 2 
Error* Unknown snitch aygumem.lO 4 per an 3 . The nets* day, siRNA was 
introduced into the cells using the Oligofeotamine transfection reagent (Ihvitrogen) 

la brief, 10 pi sSRNA (20 juM solution) was 
190 pi Qptimem (Mvitrogen) for 20 
final volume of 12, ml. The transacted cells 



following the manufacturer's protocol 
incubated Wfth 4 |xl Oligofectemine ir 
mixture was then added to the colls in 



wfcte cultured and were fed daily with : «sh medium until assayed. 
RNA Extraction 

Growing cultures of cells were aspira&d to remove the QMB and foetal calf serum. 
Trace amounts of foetal calf serum w i s rfemoved by washing in Phosphate-buffered 
saline. Fresh PBS was added to the; cells and the cells were dislodged from the 
20 oultme vessel using add washed glass heads. The resulting cell suspension was 
centrifuged at 30Qxg. The pellets h^i "die PBS aspirated from them. Tri reagent 
(Sigma, USA) was added at Iml per \ 0 7 cells and allowed to stand for 10 wains at 
room temperature. The lysate from this reaction was centrifuged at 12000 x g for 15 
minutes at 4 6 C. Hie resulting aquecus phase was transferred to a fresh vessel and 
25 0.5mlofisopropaaol/raloftnzolw The RNA was 

g for 10 mins at 4°C. The supernatant was 
removed and the pellet washed in 70^ etbaaol. The washed RNA was dissolved in 
DEPC treated double-distilled water. 
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Analysis of Trftnafecfants bv Antibody i faining and FA.CB 



Cells were treated with trypsin (0.25% 
were washed and re-suspended to 2xl0f 
with SOjil of primary antibody in a 96 
Supemataat from a myeloma cell line 
Hue 95 well plate was centrifuged at 
times with PBS containing 5% foetal 
were then incubated with 50 pi of 
antibody at 4*C for 1 hour. Cells 
serum and analysed using an EPICS 
Ujq,(Andrews et al. 9 1982). 



y/v) for 5 mxm to disaggregate the cells; they 
ceUa/mL This cell suspension was incubated 
$ell plate on a rotary shaker for I hour at 4°C. 
P3X63 Ag8 0 was used as a negative control, 
for 3 minutes. The plate Was washed 3 
<tylf serum to remove unbound antibody. Cell 
an appropriate FITC-coigugated secondary 
washed 3 times in PBS + 5% fbetal calf 
shite ESP flow cytometer (Coulter eletrouics, 



^ 5! re 



Analysis of Antigen Expression on Ej<p and £3 cells by Immunofluorescence and 
FAGS 



Antigen expression was assayed by 
previously described (Draper et aL, 
MC631, ami-stage specific emtayoni 
specific embryonic antigea-4 
nntigefc-1 (SSEA1); TRA-1-60; 
phosphatase; BBMX; W6/32. 



pforfcera Blot Analysis off EISA 
KNA separation relies an the generally [the 
some concessions to the tendency of 
molecules. Formaldehyde is used in fl \k 
the KNA and form Schiff base$, Puriipfcd 
electrophoresis, For most KNA a 1% 
in IX MOPS buffer and supplemented 
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immunofluorescence and flow cytometry as 
2Ci<j>2 using the following monoclonal antibodies: 
antigen-3 (SSEA3); MC813-70, »1i-stage 
(SSEA}4); MC480, anti-stage specific canbiyonio 
liTiA-2-54, anli-liver/lddnje^one alkaline 



same principles as standard DNA but with 
KNA to hybridise with itself or other KNA 
gel matrix to react with the amine groups of 
RNA is run out ufcing standard agarose gel 
agarose gel is sufficient The agarose is made 
with 0.66M fbtmaldehyde. Dried down RNA 
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samples are reconstituted tod denaturqc 
gel. Gels ate*un out for appro*. 3 hrs 
gel). 
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in UNA loading buffer and loaded into the 
<ijmtil the dye front is 3/4 of the way down the 



changes, to remove the formaldehyde 
assembled in exactly Hie same fashion 



The major problem with obtaining cl&aa blotting using BNA is the presence of 
formaldehyde. The run out gel was sc aked in distilled water for 20 mins with 4 

from the matrix. The transfer assembly was 
as for DNA (Southern) blotting. The transfer 
buffer used however was 1 OX SSPE. C i As were transifewed overnight The membrane 
was soaked in 2X SSPE to remove ai j r agarose from the transfer assembly and the 
RNA was fixed to the memtotfae. FixaUon was achieved using short-wave (254 nM) 
UV light The fixed membrane was baked for 1-2 hrs to drive off any residual 
fonnaldehyde* 

Hybridisation was achieved in aqueous phase with formamide to lower the 
hybridisation temperatures for a given ] ttobe. RNA blots were prehybridised fox 2-4 
hrs in northern prehybridisattcui solution, Labelled DNA probes were denatured at 
95°C for 5 mins and added to the bio "k All hybridisation steps were carried out ito 
rolling bottles in incrubation ovens. Prsbes were hybridised overnight for at least 16 
hrs in the prehybridisation solution. A standard set of wash solutions were used. 
Stringency of washing was achieved b; r the use of lower salt containing wash buffers. 
The following wash procedure is outffr u sd as follows 

15 mins room temp 

15 mins room temp 

45 mins 65°C 
45 mins 65°C 
15 mins toom temp 



2XSSPE 
2XSSPE 

2X SSPE/ 0.1% SDS 
2X SSPE/ 0.1% SDS 

aixssPE 



Preparation of radiolabcll&d DNA p r obes 



The method of Feinberg and Vogelstejf 
tadioactively la|)el DNA. Briefly, the 



(Feinberg and Vogelstein, 19S3) w&s used to 
jffotocol uses random sequence hexanucleotides 
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to prime £>NA synthesis at numerous 
Klenow DNA polymerase I fragment 
5-lOQng DNA fragment (obtained ficoxr 
was made Up in water, denatured for 5 
mixture was quenth. cooled on ice and 



sites on a denatured DNA teospiate using the 
] ?re-fbnned kits were i)$ed to aid consistency . 
g&l purification of PGR or restriction digest) 
intas at 95°C with the random hexamers. The 
; ib following were added, 



5 jil [cx-32P] dATP 3000 Ci/inmol 
1 jd of Klenow DNA polymerase (4U) 



3'* 



The reaction was then incubated at 
removed with spin columns < Nuclecm j&iosciences) 



ProdactionofePNA, 
The enzymatic conversion of RNA 
tiie 3 s to 5* polymerase activity of 
(M-MLV) reverse transcriptase prix4<r d 
Reverse Transoription-!Polymex^e 
cDNA was synfhesised from ljjg pol; 



Chain 



To check the specificity of the 
KNAi production automatic sequi 



3 C for 1 hr. Unincorporated nucleotide were 
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iiitjo single stranded cDNA was achieved using 
io:ombijiant Moloney-Murine Lenkeocnia Virus 
with oligo (dl) and (dN) primers, For 
Reaction, single stranded cDNA was used. 
(A)+ RNA or total RNA was incubated with 



the following 

LOpM oligo(dT) primer for tof^l RNA or random hexcainers for mRNA 

Q.5idM lOo^MdNTPraix 

lU/fil RNAse inhibitor (Prod^ga) 

l.OU/pl M-MLV reverse transcriptase in maaufectarers supplied "buffer 
(Promega) 

The reaction was incubated for 2-3 hoiks at 42"C 



Fluorescent Automated Sequencing 



PCR primers used to generate title template used in 
encii i i was carried out using the prism fluorescently 
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labelled chain terauaator sequencing kit (Perkiin-Elmer) (Prober et al 1987), A 
suitable amount of template (200ns plasmid, lOCtag PCR product), 10 jjM 
sequencing primer (typically a 20raer frith 50% G-C content) were added to S yd of 
prism pre-mix and the total reaction volume made Up to 20 jil. 24 cycles of PCR 
(94°C for 10 seconds, 50°C for 10 seconds, 60°C for 4 minutes). Following thermal 
cycling, products were precipitated by lie addition of 2ja1 of 3M sodium acetate and 
50 pi of 100 % ethanoL DNA was pfcll £ ted in an fippfendorf microcentrifuge at 13000 
ipm, washed once in 70% ethanol ww: vacuum dried. Samples were analysed by the 
in-howe sequencing Service (Kreis Institute). Dried down samples were 
resuspended in 4 pi of foimamide loac ing toffee, denatured and loaded onto a ABI 
373 automatic sequencer. Raw sequence was collected and analysed using the ABI 
prism software and the results were supplied in the form of analysed histogram 
traces. 



15 Reverse transcription and nolvm 



expression of genes in EC and ES ce tk 



transcribed 



pn tiers 



Total KNA (2 jig) was reverse 
Reverse-Transcritptase (Promega) in 
20 dNDPs at 37°C. Oligonucleotide 
PrimerSelect program fiom the 
Madison* WI). PCR was 
pmol of each primer, 0.1 mM dNTfts 
Primer sequences used and conditions 



rase chain reaction for determining the 



using 1 fig oligo-dT primer vuiw MMLV 
40 fil reaction volume containing 155 mM 
for use in PCR were designed using the 
DN&STAR software package (DNASTAR Inc., 
ljd of eJRNA in 25 |xl PCR containing 15 
and 0.3 units Taq polymerase (Promega). 
hi these reactions were as follows: 



25 hCG-f. 5 ' - &TGGGCGGGACATGGGC iTCCA-3 ' , (70°C annealing, x35 cycles); 



HCG-r. 5' -dQCCCCXSGG^STCGGGfi! 



• X3G- 3 ' , (70°C annealing, x35 cycles); 



Cdx2»f: 5 ' -ccTCdGCTGGGCT-TCA^ TCG- 3 ' , (GQX annealing, x30 cycles); 
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Cdx2-x\ 5 ' -TGOOGGTrdTGCAGTCT; J TGGT03 ' (60°C annealing* 2(30 cycles); 

P-fWtfW* 5 ' -ATGTGGCACCA<^Ct|i|ctACAATGAGCTGCQ- 3 ' <70°C 
annealing^ x25 cycles); 

5 annealing, x25 cycles). 

Detection of specific protein targets Afe SDS-PA GE and Western Wotting 



Td obtain cell lysate* monolayers of 
supplemented with 2 mM CaCl^ Cell^ 
buffer (1% v/v NP40 ? 1% v/v DOC, 0. 
lysates wfcrfe traasferred to 
shear the DNA> This was followed by 
(30 man, 4j|C, ISOOQg) to remove i 
$t^emfltaaits were determined using a 
adjusted to 13 mg/ml. Samples were 
Laemmli electrophoresis sample buffejt 
with 16 fig of protein on a 10% 
were transferred to nitre-cellulose 
were washed with PBS and 0.05% 
5% milk powder in PBS-T (60 
appropriate primary antibody- 
was used to visualise axxtfbody binding 
used for SOS-PAGE and western 
USA) unless stated otherwise. 



mii> 



Horseradish 
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qells were rinsed 3 tixnc$ with ice-cold PBS 
were intubated with 1 ml/75 cm? flask lysis 
mM PM5F in PBS) for 15 min at 4||C. Cell 
and passed through a. 21 gauge needle to 
xeeze thawing and subsequent cezrtri&gation 
instable material. Protein concentrations of tho 
commercial protein assay (Biorad) and were 
prepared for SDS-PAGE by adding 4- times 
and boiling for 5 min- After electrophoresis 
pol^jylamide gel (Laemmli, 1970) flie proteins 
with a pais size of 0.45jjxzl The blots 
(PBS-T). Blocking of the blots occurred in 
at RT). Blots were incubated with the 
peroxidase labelled secondary antibody 
by ECL (Amerehtoij, Bucks., UK). Materials 
blotting were obtained from Biorad (California, 



Twaen 



23 



•M A. V V./ I f ' V V 



15 



20 
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String 
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in EC and ES by SDS-PAGE and Western 



Cells were harvested using fcypsin and lysed in RIPA buffer (lx PBS* 1% Nonidet P- 
40, 0.5% sodium deoxycholate, 0,1% SDS) at 10 7 cells/ml. These lysates were 
electrophoreses using SDS-PAGE m a 10% polyaciylamide gel and blotted 
overnight onto PVDF membrane. Membranes were stained with Ponceau-S to check 

i f&t-ifree milk solution. Samples were probed 
with a goat polyclonal antibody against Oct4 (Santa-Cruz Biotechnology) at a 
concentration Of 0.25 jag/ml and a 3 ;400O Dilution of anti-goat IgG-peroxidase 



conjugate (Sigma-Aldrich). Staining 



The nuUipoteoi EC line, 2102Ep ff was 
of Oct4 protein fell markedly as 
maximum effect on Oct4 protean leVe 
with siRlSTA, and the level began to 



rf£e 

25 used as & control, had no effect on Qd& mKNA and protein level. 



Cells treated Wifo Q&4 siRNA 
acquired a largo flat morphology indii 



was visualized using ECL Mt (Ameraham 



RESULTS 

The effect of RNAi on Oct4 protein Expression and on levels of cell proliferation 
and differentiation , 



reated with siRNA targeting Oct4. The levels 
defected by Western blotting (Figure la). The 
was seen between 3 and 5 days after treatment 
again by 8 days. [^-microglobulin siRNA, 



considerably t&ore slowly (Figure 3) and 
i&ffre of differentiation (Figure lb). 
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NO. 090 P. 30 



To test fhe effect of RNAi-mediated kiocfc down of Oct4 expies&on, 2102Ep and 



S cells were treated with siRNA targeting 



OctA and f£M for 3 to 5 days. A xsm\ :ed, specific induction in Oct4 protein level 
was observed in each cell line (Figure 2a) and significant populations of SSEA3- 
negaiive and TRA-1-60 negative oe]s appeared (Figure 2b), Loss of these 
characterise markers of human EC and ES cells is &0 early indication of 
differentiation, The appearance of the* i \ antigen-negative cells was most obvious in 
the Oct4 siRNA-treated EC lines,, because their cultures showed less tendency to 
differentiate spontaneously in the coflirols compared to the ES cells, cultures of 
which typically contained significant k Bribers of spontaneously differentiated cells 
even under optimal conditions. Nevettieless, it was clear that OciA RNAi induced 
die same changes in the E8 cells as in E le EC cells. At the same time, the number of 
SSEAl-positive cells, also indicative < : ; differentiation, increased in the 2l02Ep EC 
andH7ES cultures treated with Oeft s^KNA, although, only a limited appearance of 
SSEAl-positive cells was noted in the STTERA2 cultures. Again, as expected, JS2M 
siRKA caused a marked down-regulati c n of P2M repression in 21 02Ep and H7 cells 
compared with cells treated with Ci tA sIENA. In this ^ariment, Httle 02- 
microglobulin expression was seen in he NTEKA2 cultures in either case,, but this 
accords with past experience that NTIRA2 cells frequently express only wry low, 
barely detectable levels of [J2M and whereas expression of both i$ regularly 
observable in 2l02Ep and H7 cells. 

Exposure of malignant EC cells, 210:1, 1777 and Teara-1 to Oct4 RNAi caused a 
marked reduction in cell growth (Figui \ > 3). 

Octi siRNA treatment hCG mKNf A -a is significantly up-regulated in 2102Ejp and 
H7 cells (Figure 4) indicating that differentiation into traphectodenn is a 
consequence of lowered Oct4 levels ii LDbiuman EC and ES cells. Consistent with this, 
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Treatment o f the cells with siRNA tn 



Treatment of the cells with siRNA to 
binding of antibody BBM1 to P2-micjijoglobulin 
which requires 02-microglobulin fbr 
15 1978) as analysed by flow cytometry. 
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Figure 1:A: Western blot for Oet-4 
either 2M (Lanes l p 3 a 5) or 0ct4 (Lanej» 
(Lanes3,4)or7d^<Laiwss5,6y B: 



expression 



in cells treated vrifti dsRNA targeting 
2, 4, 6) after 3 days (Lanes 1, 2), S days 
Morphology of 2l02Ep cells, 7 days after 
A) and Oot-4 (panel B). 
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Figure 2:NTERA2 and 2l02Ep EC 
tatgettog Oct-4, and p2M and 
inNTERA2 (lanes 1, 2), 2102Ep Oanesft 
(lanes, 1,3 and 5; siRNA to 2M (lanes 
treatment with BtRNA targeting Oct-4 



cellfel and H7 BS ceUs were treated with. dsRNAs 
analysed I 5 days later. a> 'Westcra blot for Oct-4 protein 
, 4) and H7 (tafes 5, 6); sflRNA to Oct-4 
4 and 6). BrSnrtaoe antigen expression after 
(Jiadedristogramfe) and £2M (non-shaded 
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Figure 3: Cells were harvested and i 
"been seeded with 2 x 10 5 cells one * 
Oct-4 on day 0. 



com ; ed from, tripli 
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20 



NTERA2 2102Ep 



4^ <sf ' o c 



cate wells flaat had origtaally 
ct i^ith. dsRNA to -b2M and 



H7 





hCG 

Cdx2 

$-actin 



Figure 4: After treatment with dsKMA^ targeting 0ct4 
hCG and Cdx2 were examined hy KT- 



and 2M, the expression of 



,;?CR. "b-actin P^CR .was nsed as a template 
loading control. In response to Oct-4 liNAL fee ttophoblast-specific rhRNA, hCG, 
was induced to 2102Ep and H7 cells, ar I Cdx2 a which encodes a transcription factor 
associated with trophectodemi different sition, was up-reflated in 2102Bp hutdown- 
1S te^qlatad m NTERA2 cells. Cdx2 was s xpressed appreciably in control H7 cells and 
no significant change was seen after tre: i ment with sIRNk to Oct-4. 
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Kg. 5 



Oet4 



>gi| 4505966 |ref ]EW_0O2701.l| Hotnn 
transcription factor 1 (pousfi) t 
OTAOTCCTTTOTTAC2V 



sapiens POU fioinain, class S, 



Cra&AAGTJAGGOXKraCAGCT^ ? SGACTTCTAGAQAprATTCCTTGdGGCCACACG^GG 

TTCTTGAATCCCGAATtfKSZ^^ U^CTGGTGTGTTT^TG^^ 
TTAAAi^CCAGTCCCAGGA^ lAGAAAGAACTCKSAJGCAATTTOT^^ 



CAAACGACCATCTMCGCTTTGAGSC: J 2tGCAGC2TTAGCT^CTAGA&CA^ 



TTCAGCC 

CCTTOCTGCAGAAGEGGGTGGA^ 

CCTraTGCAGGCCCSiV&a^ ^TCGAGAACCGA! 
TTCCTGCAGTGCCCGAAACraACAC^^ lATCAGCt^VCATI 
M^TGGTCCGAGTGTGGTTCTGTAACCGGCGCt; iAGAACGGC&A< 
AG^GGATTTTGACMGTGCTGGGTCTCCTTTCTC USGGGGACf 
CATTTTGGTCCCCCMGCTATGGGAGCCCTCAC CTCACTGCACTGTJ 
GGGAT^CCTTTCCCCCTG^TCTGTClACCACT ? IGGGCTCTCCCTT' 
GCCCTTCTAG(^T6edGQA.CfiGGGGGAGGGGi JjGAGCT; 
TTTTTGGATTAJySTTCTTO 
GGGCAACTGGTTGGRGGGIUVGG'SGJJA&TTI 
TTTTCTCAAATftAAGAAGCTTG^ 




GmTCTG^O^GGTTGCTCCAC7^GTAGC?XCT£ J !<3AGGGCtGGi 
CTCTITATCC^CATC^^CAXCrrOGXC^GAtn Qr&Ai 
TAGTTAAGC^GCATAAGTTAACTT^ < JATACTCTGCTT; 



TTCTTATACATTTGA'I 
AAATGATAAAACTT© 



HLA-A 



CAGAAAC 
.GAGGCAACCTGGAGAATTTG 
pCCAGdAGCTTGGGCTCGAGAASG 
k TCAAGGAGCGACTATGCA<iAACG 
CTOTCCTCTGGCCCCAJ3GGCCC 
CTCCTCft^CCCTTTCCCTGAGG 
.TTCAAACTGAGGTGCCTGCCT 
'GGAGOTTGTGCCAGGG 
1GGCAGGGGAGTTTG 
AATCCCACATCATGTATCACTT 



sapifens b^taj 2 -microglobulin (B2M) # 
tCTACT<£TCTCTTTCTGGCCTG&ftJ3 



Beta-2-Microglobulin 

J»gi|4757e25|r©f lNM_004Q4a.l| Home 
irtRHA 

GGGACGAGCC0^^TGTCTCGCTCC^TGGCCT3 2 iGCTGTGCTCGCrGi 

GCTATCCAGCGTW^C ' rCACGTC^TCCACtpAGAGAAT GGAAAGTCAAATTTC C 

TG^ATTGCTAITGTOTCTGGGTTTCATCXiATCCG 3 lCATTG^GTTGAETTACTQ^ 
T<mAAAA3TGGJUSCATTCAGACTTGT yU^GGACH^TCTOyC T^ 

TTCACGCCCACTGAA2iAAGATGAGTATGCCTGC t !GTSTQAACC&TGTG&CTTTGT GACAGCCCAWSAllAG 
TlARJCTGGGATCGAGACATXSX^GKlRGC^TCM t JGAGCTTTGAAGATGCCCCATXTGG^ 
CGAAATTCTGCWGC7rTOCTTTXXAATA , rrGA3 2 lTGCTTATACACTTAC ACTTTATG GACMA^OTAGG 
GXTATAA'T^ATGTTAACATGGACATGATGTTC'I ! rTATAATTCTACTTTGAGTGKITGTCTCCATGTTTGAT 

GGGCTGGCAACjl^AGAGGTGGGGAGCAGAGAATT 
CTCTTCAKXCTCTTGGACTC^^ 
ACTCTGCTTA^AATTTGGGGGA^^ 
ATOAAACATTTTGTCATAE^GATTCATAlTrAC 



'AT as : :gaatgaaac& 



TTCTTATACATrTGATAAAGT?A7^GCATGGTTG 1 'GGTTAATCTGGT^TATTTTTGTTCGACAAGTTAAAT 



24797066 |re£ |HMJ50211S.4 | Hotca sapiens major histocompatibility 
aoTftplox, class I, a~(hla-a>, roRttft j 

atgGccgtcatggc^cccgaaccctcxitcctg c ^tactctcggggg cjcctggccctgacccagacctggo 
cggi^ctcccac^ c cax^aggtatttcttgacat c !03tgtcccggc6cfggccgggggg2^ccccgertgat 
c^cgegggctacgtggacgacacgca^ 

ccgcgggcgccgtggatagagcaggaggggccg bagtataxkk5acgagc^gacmggaatgtga^gccc 
agtcacagactcac cgagtggacctqg6gaccc 3 ^cgto<k:7&cta<^cca&^ 



U/9 ' 



v v 



CACCATCCAC^TAATGTATGGCTGCGACGTGGt ! 3TCGQRCGGGCGCTTCCTCCC-CGGGTACC3QCAGGAC 



<3CCTACGAOGGCAAGG&TTACATCGCC:CTGAA< ! 



1 lAGGACGrTCCGCTCTTGGACCGCGGCGGACATGGCGG 
aS^GACCCAC^CCC^CT^ 



C^^CGTGATOTGGAGGAGGAAGAGCTCAGJ I! rAGAAAAGGAGGGAGTTACACTCAGGCTGCAAGCAGT 

GACA&Txttcc&GGGCTC^ATGT^^ 
HLA-B 

>gi|2132767i5|reK|HM_005514.4| Bon> sapiens major histocoit^atibilifcy 
agScJgaSKctg^^ 

gScCTGG^CGGCTCCCACTCCATGAGGTA' 'fecTACRCCTCCGTGTCCCGGCGCGGCCGCGGGGAGC 
SAGAS 



POSGGTCTCACACCCTCCAGAGGATGTACaGe: ? JCGACGTGGGGCCGGACSSGOSCCICCTCCGCGGGCfe 
SScACTAC^CCXACGACGGCAAGGATTACA^ > ZGCCCTGAACGAGGACCTGCGCTCC^GGaCCGCCGCG 
^C^SrC^CACCCAGCGCAAGTGt i lAGGCGGCCCGTOia2\GGC^AGCAGCGGaGAGC^MiCC 



C^C^cXaA^CACA^^^^ 
GGTTOOTACCCTGGGGA.GATCACACTGACCTS' ! IS^CGGGATGGOGAGGACCAAACrCAGGACRCIGAGC 
^GTGGAGACCAGACCAGCAGGAGATAQAACC: r CCCAGAAGTGGGCAGCTGTGGTGGTGC C TTC TOGAGA 



TCTTCCCAGTCCACCGTCCCCATCGTOGGCAT: > m^C^GGCCTGGCTC^GCrmGCAGTTQTOGTCATCG 
GAGCTGTGGTCGCTGCTGXGATGTGTAGQAGG2 AGAGTrCAGGTCGAA^GG^GGGASCTA^XCTCAGGC 

^tgcagcgacagtgcccaggggtctgatg: Etctctcacagcttgaaaagc ctgagac agctgtcct 

G^gS^TGCA^ATTTCT^^ 



CTG 



TI^TGTCCftCTGTGACCCCTGTXCGGA'TGC'rGi iCCTGTGTTTCCTCCCCA 



HLA-C 

>gi |X955?676 1 ref |BM_002117.3 | Bonus sapiens major hiBtocompatibility 

6AMTCGGgSgG^AgJ^GOTCaSg(S kAACCCTCATCCTOCTGCTCTCG^AGCCC^Cw. 
TG^CGAG^C^GGGCCGGCTGCCACTCCATGi GGTAXTTCTC GACATC CGTGTCCTGGC C^GCCGCGG 
GGAGCCCCGCTTCATGGCAQTGGGC-rACGTeG^ i :GACACGCAGTTC<5TGCGGTTCGACAGCGACGCCGCG 



«_GAGGACGGGTCiCACAC C C TCCAG aGgatgtt XJGCTQCGAGCTGGGGCCGGACGCSGCGCCTCCTCCGC 
qGGTATAACCAGTTCGGGTACGACGGCAAGGA^ ' :ACATCSCCCTGAACGAGGATCTGCGGTCCT5GACCG 



lGAGC 



CO 

CCCTGGGCTTCTRCCCTGGGC3AGATCACACW5I £cT33C^GTGGGATGGGGAGC3ACC^CTCAGGACAC 

CGAGCTKS'rGGAGACCAGGCCAGCAGGAGATGC ^^^^^^^^^^^^^II^SS^wM^SwaM 
GGAGAAGAGCAGAGATACACGTGCCATGTTCAC < ^-CGAGGGGCTGCCGG?VGCCCC > rCACCCTGAGATGGA 
AGCCGTCTTCCCAGCCCACCATCCCCA'rCGTGC < SCATCGTTGCTGGCGTGGCTGTCCTGGCTGTCCTAGC 
TGTCCTAGGAGC^TGGTCGCTOTTCaTGATGTC < :AGGAGC^GAGCTCAGGTGGAAA|^GAGGGAGCTGC 
TCTCAGGCTGCGTCCAGCAACAGXGCCCAGGGC TCTGATGAGTCTCTCATCGCTTGTAAAGCCTGAGACA 
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GCTGCCTGTGTGGGACTGAGATGCAGGA'I 
TCJtOTTTCTGCAAAGGCATC TGAATGT GT C 1 
CCCZWC2CCCGGTGTCCAGCGTGa,CCCCTOTC 

ATTAATTAAATAAGTCAATTCC 
CCCGAATTC 



[■CACACCTCTCCTTTGTO^^ 

3TTAG C^T^TeT^GGAGGTGGAGAGACAfc 
^CACnK^CCTGTGTTCCCXGGCCGATCATCTTTCCTO 

V3&&C2^EU^GACGT^ 



HLA-E 

>g± 1 24797070 | ref |NM_005516.3 | Hon 
complex, class X, E (HLA-E) , 
ATGGTAGATGGAA.CCCTCCTTTXR.CTCCT CTC 
ACTCC^TG^GTATTTCCAjCACMCCGTGTCCC 

ctacgtggacg&cacccagttcgtgcgcttco^ 
ccgtggatggagcaggaggg 
ttt^cc^^tgaacctggggacggtgcgcgec 
gtggatgca2ggctgcgfogctggggc« 
ggcaaggactatc^c^ccctg^tgaggac 
ccgagcaaaactcaaat^tocctcrar^cgc 
gtggctccacaaatacctggagaaggggaag 
actcaccaccccatctctgaccatgaggcc 

TCACAC^GACCTGGCAGCAGGATGGGGAGGC 
AGGGG&TOGAACCTTCCAGAAGTGGGGAGCTGl 
C&TGTGCAGCATGAGGGGCTMCCGAGCCC 
CCATCGTGGGCATCATTGCTGGCCTGGTTCTCC 
GATATGGAGGAAGAAGAGCTCAGGACM 
GAGTGGAGCX3ACAGTGCCCAGGGGTCTGAGTC 



B^pi^G T&ajor histocompatibility 

lA<^GCTGGCCCTXI^CCa^CCTGGGGGGGCTCCC 
CGGCCGCGGGGAGCCCCGCTTCATOTCrGTGGC 

.cgacgccgcgaj5tccgaj3<5a5?ggtggcgggggcg 
igggagacacggagggccagggacaccgcacag& 
k ctacaat cagagcgaggccgggtctc&caccctgca 
ttcctccgcgggtaiJgaacagttcgcctacgac 
!gctcctogaccgcggtggacacggcggctcagatct 
.gcaccagagagccxacct(3gaagacacatgggtgga 
ctgcttcacctggaccccccaaagacacacgtg 
!tg^g<3tgcxgggccctgggctrctaccctgcg©aga 
.tacccsaggacacgg^ctcgtggagacc^goccl^ 
gtggtgccttctggagaggagcagagatacacgigc 
ccctoagatgaaagccggcttcccaqcccaccatcc 
gga^ctgtggtgtgtggagd'ec^tggttgctgctgt 
!c^c^ggtg<5aa2iaggagggagctactctaaggct 
AiacagcttGtaa 



HLA-F 

>g£|96G523l|ref |3MJ5l8950.iJ HoTid sapiens major histocoinpatifoility 
complex, class X, V (ELA-F) , xriBim 
ATGGCGCCXTCGAAGCCtCdTCCTGCEGCTCTCA^ 

ACTCCTTQAGGTATTT CAGCACCGCTGTGTCGu<j?GC CCGGCCGCGGGGaGCCCCGCTACATCGCCGTGGA 



gt^g13^cgacacggaaitcctgcggttcgj 
ccgtgggtggaggaagaggggccgcasti 
otgaccgagtggcccrgag<3a^c< 
gggaatgaatGGGtgcgacatggggcccg^ 
ggcaag<^xtacatctccctgaa.cga<3gacc , l 
occagcgcttctatgagggagaggaatatg^^ 

GTTGCTCCGCAGATACTTGGAGAATGGG^ 



.gcgacgccgggattcggago^xggagccgcgggag 
aigtggaccacagggxacgcgaaggcc&acscacsaga 
icagagcgaggctgggtctcac^ccctcca 
.cgcctcctmgcgggtatgaaaccacgcgtacgac 
I^gctcctggaccgcggcGgacaccgtggctcagatca 

[AjCCTACCTGGAGGGCGAGTGCCTGGA 
:GCTAGAGCGCGCAC5ATCCTCCAAAGGCACAGGTT 



GCCCACCACC CCATCT CTGACCATGAGGCC^d( ITGAGGTPGCTGGGCCCTGGGCrTCTACCCTGCGGAGA 
TCAGGCTGACCTGGCAGC6GGATGGGGAGGAAG7 jSMCC^GACACAlSAGCTTGTGGAGa 

AGG^jGAT^AACCT^CCAGAAGTGGGCC gct gtcIg gtggtgccttctggagaggaacag^macacatgc 
g^tgtgc^cac^ggggctcmcccagcocctc atcctoagatgggaggagtctcccc^scccaccatcc 
ccatcgtgggcatcgttgctcgcctto^ 

gatgtogaggaagaagagctcagatagaaacag ^ggagctoctctcaggctgcagtc^ 

CAGGGCTCTCGGGTGTCTCTGACAGCTAATAAA STGTGA^CAGCT^CJCXTGTGTGGGAGTGAGAAGCAA 
GATOTCAi^TAGCAGAATTGC^CriTGTGGCTC I .CGAACAIACATAAATTTTAAAAATAAA^AATAAA 
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HLA-G 

>gi 1 24797072 |:cef |HM_002l27,3 | HOiAi sapiens HLA-G histoaQmpatifcility 
antigen, class X, G (kqa-g) , mHNJ b 
CCCATlMGTGACaGt^TT^^ 

CCCACCCG<^CTC^OTCTCGC(^(^C^CCAAGC A.TGGTG^C3VTGGCGCCCCQAACCCTCOTC CTGCTGC 
TCTC^GGGCCCTGACCCTGACCGAGACCTC^ 

GTCCCGGCGCGGCCGCGGGGAGCCCCGCTTCAa ( :GCCATGGGCTAOGTC<^CG^C^CGCAGTTCGTGCGG 
^CGAC AGCGACT CGGCGTGTCCGAGGATGGAC CCGCGGGa3CCGTGGGTGOAc2CAGGAGGGGCC<TO^T 
ATPGGQ7SJ^GGI^CAD3<5AA^ &CGCACA<^CTGACAGAATGAACCTGCAl9ACCCT(aCG 
CGGCTACTACA^CCAGAGCGAGGGC^GTTCTGf C 1ACCCTCCAGTGGATGATTGGCTGCGACCTGGGGTCC 
GACGGAOSGCTCCTCCGCGGGTATGA^lCA.GTA'I ( icCxaCgatggcaaggathacctcg ccctgaacgagg 

ACCTGCGCTCCTGGACCGCAGCG<^CkCTGCGC ( rrCAGATCTCCAAJ^GCAAGTGTGAGGCGGCCAATGT 
GGCTGAkCAAAGGAGAGCCiTACCTGGAGGGCAC ( rT^CGTGGAGTGGCTCCACAGATACCTGGAGAACGGG 
AAGGAGATGCTGCAGCGCGCG<*ACCCCCCCAAC ic?^CGTK^CCACC aotctotc 
CC^CCCTGAGGTGCTGGGCGCTGGGCTTCTACC < ITGCOO^ATCATACTGACCTGGCAGCGGGATGGGGA 
GGACCAGACCCAGGACGTGGAGCTCGTGGAGAC ( JAGGGCTGCAGGGGATGOAACCXTCCAGAAGTGGGCa 
GCTGTGGXGGTGCCTT CTGGAGAGGAGCAGAG2 5 'ACACGTGCCATGTGCAGC&TGAGGGGCTGCCGGAGC 
CCCTCATOOTGA^'iPGGAAGGAGTCTTCCCTGC < ICACCATCCCC^TCATGGGTATCGTTOCTG^CCtCCT 
TGTCCXTGCAGGXGTAGTCAGTGGAGGTGCGG1 C !GCTGCTGTGCT GTGGAGAAAGAAGAGCtfCAGATTG& 
A3U^GGAGGGAGC1!ACTCTCAGGCTGCAAG^CAM 1 !A¥GAA£GAGGCTGATCCCTGAGATCCTTGGGATCTT 
GTGTTTGGGAGCCATGGGGGAGCTCACCCACCC t !ACAATTCCTGGTG^QGCCACATCTC!GTGTGGTCTCT 
GACCAGGTCCTGTTTTTGTTCTACTCTAGGCAG T(^CAGTGCCCAGGGGTGTAATCTGTCTCTCACGGCT 
TOTA^TGTGACACCCCGGGGGGCCTGATGTGTGrGGGT^ 

ATGAGGTTTCXTTGACTTCAATGTATTGAGCAT C rTGATGGQCTGTTTAAAGTdTGACCCCTC ACTGTGAC 
TGMATGAATTTGTTCATGAATATTTTTCTGTA G WGTGAAACAGCTGCCCTGTGTCGGACXGAGTGGCAA 
GTCGCTTTGTGACrrGAACaAACCCTGACTTCTC irTCTGGAGAGACCAGCCCACCGGTGTGCCCA.CCATG 
^CCTCT^CTCATOCTGA&GTGC^ 

gxc^cgtctctgtctcaaatttgtggtccact ^gctataacttacttctctatt^ 
agtataaatttt^ctitttcaaa^^ 
aarttgagagacaaaataaa 
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